Understanding mechanisms that influence the grouping tendencies of large herbivores is necessary to predict the influence of environmental and human factors on threatened populations. Locations of 53 adult female pronghorn (Antilocapra americana) in Yellowstone National Park during June 1999-April 2005 indicated that mean and typical group sizes and the variation in group size decreased during fawning when females secluded themselves, but became larger and more dynamic during fawn rearing and the rut and winter. Mixed-effects models indicated a strong effect of time of year on mean group sizes, with some evidence that predators negatively affected group sizes during winter. Within-animal variability (0.64) was substantially higher than between-animal variability (0.02). Pronghorn density, snow water equivalent, and predation apparently influenced variations in group size. Multiple regressions indicated effects of pronghorn density and snow water equivalent on typical group size, the size of the group in which the average animal finds itself. Overall, there was fluidity in group cohesion, with female associations changing within and among days. The behavioral plasticity of pronghorn with respect to grouping and social cohesion might confer resilience to changes in environmental conditions, but often makes it difficult to predict the consequences of conservation actions to control disease, protect or restore key habitat, regulate harvests, and limit adverse effects of development and recreation.
Intraspecific variations in the grouping tendencies of wild vertebrates are common and have been systematically and adaptively related to differences in ecological or demographic circumstances, including density, dispersion of resources, environmental heterogeneity, experience, kinship, nutrition and physiology, predation pressure, and social interactions (Lott 1991) . Understanding the proximate mechanisms that produce changes in group composition and size is critical for predicting the consequences of environmental changes and management strategies to control disease, protect or restore key habitat, regulate harvests, limit adverse effects of development and recreation, and maintain ecologically effective populations (Deblinger and Alldredge 1989; Lott 1991) . Information on spatial and temporal changes in grouping tendencies also is important for assessing methods used to obtain unbiased estimates of population size that are based on assumptions (e.g., random marking or sampling) influenced by the grouping tendencies of animals (Eberhardt et al. 1998) .
Groupings of individuals in many taxa is a complex behavioral process that is driven by a combination of environmental, population, and community processes that change with ecological conditions over relatively short spatial and temporal scales (Chapman and Chapman 2000) . Dynamic group behavior is typical of social animals inhabiting a heterogeneous landscape (both temporally and spatially) where available food patches differ in size, quantity, and quality throughout the year (Berger et al. 1983; Kitchen 1974; Telfer and Kelsall 1984) . In some ungulate species (e.g., deer [Odocoileus] , elk [Cervus elaphus], and pronghorn [Antilocapra americana]), group sizes are typically smaller during calving, fawning, and the neonatal hiding period when females become semi-isolated. Conversely, group sizes are larger during the natal and rutting period when females and their young coalesce into groups, and largest during winter when individuals congregate on their winter range (Byers 1997;  w w w . m a m m a l o g y . o r g Sweeny and Sweeny 1984) . Herding behavior in ungulates reduces the time each member must spend scanning for danger, provides cooperative defense, and dilutes individual risk (Illius and Fitzgibbon 1994; Lipetz and Bekoff 1982; Pulliam 1973) . However, grouping behavior should become more dynamic as the density of animals on the landscape increases (Brun 1977; Clutton-Brock et al. 1982; Hebblewhite and Pletscher 2002) . Also, animals must balance competing demands between nutrition and predation by forming groups of different sizes as the level of predation and starvation risk on the landscape changes (Gower et al. 2009a) . Variability in forage biomass due to heterogeneous landscapes, changes in plant phenology, and changes in availability of forage due to herbivory all result in group sizes varying predictably over seasons and among different types of plant communities. Thus, grouping behavior in ungulates varies spatially and temporally and is generally influenced by habitat type and forage production, with larger groups generally occurring in open areas with more green biomass that promotes a foraging response (Fryxell 1991; Hirth 1977; Jarman 1974) . In addition, snow pack influences grouping behavior by reducing forage availability and causing ungulates to remain at available foraging sites in areas with less snow due to the increased energetic costs required to move between patches (Heard 1992; Jędrzejewski et al. 1992; O'Gara 2004; Sweeny and Sweeny 1984) .
The American pronghorn is a highly gregarious species for which behavioral plasticity has been widely reported. Changes in grouping tendencies and mating systems of pronghorn have been related to variation in food distribution and richness (Bromley 1969; Kitchen 1974) , density and demographic changes (Byers and Kitchen 1988) , interaction rates (Byers 1997) , and human disturbance such as fencing and hunting pressure (Bromley 1977; Copeland 1980) . However, few studies (e.g., Byers 1997) have quantified the proximate determinants responsible for particular variations in grouping tendencies, especially when considered at multiple timescales. This gap in understanding constrains our ability to predict the consequences of management manipulations or habitat alterations on behavior and population dynamics (Jędrzejewski et al. 2006) .
Since 1970, numbers of pronghorn in Yellowstone National Park (Wyoming and Montana) have exhibited periods of relative stability for 10-15 years, punctuated by relatively rapid, dramatic fluctuations in numbers (White et al. 2007a) . Also, there have been dynamic and rapid changes in mating behaviors and migration tendencies during this period (White et al. 2007b) . Understanding the influence of environmental and human factors on these changes is essential for developing feasible management strategies to conserve this population (,300 animals) of a native species of special concern that retains one of only a few pronghorn migrations remaining in the greater Yellowstone region (White et al. 2007b ). Additionally, understanding how pronghorn aggregate and behaviorally respond to predators will provide a more comprehensive understanding of multispecies interactions at the community level.
We conducted research to improve our understanding of various abiotic and biotic factors influencing the grouping tendencies of Yellowstone pronghorn. We predicted that animals would switch groups frequently to coincide with mating behaviors and variation associated with annual movement patterns (Fryxell et al. 2004) ; pronghorn density and predation risk positively affect group size and its variation (Brun 1977; Gower et al. 2009a; Pulliam 1973) ; group sizes would be larger in open grassland habitats with higher vegetation greenness, which strongly correlates with green biomass (Fryxell 1991; Huete et al. 2002) ; and group sizes would become larger as the depth and density of snow increased and pronghorn congregated on windswept areas, but less variable due to the increased energetic costs associated with moving between windswept areas (Heard 1992; Jędrze-jewski et al. 1992; Sweeny and Sweeny 1984) .
MATERIALS AND METHODS
Yellowstone pronghorn inhabited foothills, mountain slopes, and valley bottoms along the Lamar and Yellowstone rivers in the northern portion of Yellowstone National Park, Wyoming, and adjacent areas of southwestern Montana. All pronghorn spent the winter in the Gardiner Basin of Montana near the northern boundary of the park during November through March, after which 60-80% of the animals migrated 15-50 km east to summer at higher elevations (White et al. 2007b ). The climate was characterized by short, cool summers and long, cold winters with a mean annual temperature of 1.88C. Mean annual precipitation varied from 25 to 35 cm as elevation increased from 1,500 m in river drainages to 3,400 m on mountains. Average snow water equivalents (i.e., SWEs; amount of water in snow) ranged from 2 to 30 cm along this elevation gradient (Watson et al. 2009 ). Severe drought occurred during 1998 (White et al. 2007a Adult female pronghorn were captured from groups distributed across their winter range inside Yellowstone National Park using net guns from helicopters or ground darting and fitted with very-high-frequency and global positioning system radiocollars (models LMRT-2 and GPS 3300S; Lotek Wireless, Newmarket, Ontario, Canada). We handled all pronghorn in compliance with guidelines recommended by the American Society of Mammalogists (Sikes et al. 2011) . Telemetry homing techniques were used to locate radiocollared pronghorn at least twice monthly from the ground. We recorded the number, sex, and composition (i.e., doe, buck, or fawn) of pronghorn in groups (!1 animal) containing radiocollared female pronghorn during 1999-2005. We did not sample groups without radiocollared animals, including groups composed solely of males. Dynamic group composition has previously been reported in pronghorn (Kitchen 1974) . We calculated correlation coefficients from successive observations of groups containing individual radiocollared pronghorn during summer (excluding the June parturition period) and winter. We used observations at least 5 days apart in these analyses to allow adequate time for changes in group composition and calculated correlations between group sizes of successive locations according to Eberhardt et al. (1998) .
We developed 3 response variables related to different elements of ungulate grouping behavior: mean group size, group size variation, and typical group size (Gower et al. 2009a) . Group size was defined as a single animal or individuals ''that remain together for a period of time while interacting with one another to a distinctly greater degree than with other conspecifics'' (Wilson 1975:585) . Groups were counted from the ground using binoculars or spotting scopes. Group size variation was derived by calculating the absolute difference between a given group size and the mean group size for that particular year, and was used to assess the frequency of joining and dispersion from groups. Because this metric takes into account all groups observed during a given year, it is not dependent on the interval between relocations or the difference in group size between successive locations. Typical group size was defined as the size of the group in which the average animal finds itself and calculated as P G i 2 / P G i , where G i is the size of the ith group (Jarman 1974) . This metric is a descriptive statistic, which was used to complement mean group size and provide more information and insight into pronghorn grouping tendencies. Typical group size has advantages over mean group size because the metric is less sensitive to the number of records of solitary animals than mean group size. Consequently, typical group size provides a group count representative of one that is actually experienced by each herd member (Heard 1992; Lingle 2003) . Because typical group size is derived from the sum of an assemblage of groups over a determined time period, we calculated it using 14-day sampling intervals.
We explored the influence of landscape attributes on pronghorn grouping tendencies using estimates of snow pack, vegetation greenness, and habitat type. The winter distribution of pronghorn is generally restricted to lower-elevation, windswept areas where food is exposed and snows are generally ,15 cm deep (Yoakum 2004) . Snow data for the Gardiner Basin winter range for Yellowstone pronghorn were not available. There is typically little snow accumulation at lower elevations in the basin, but snow buildup could restrict use of higher-elevation mountain foothills. Thus, we used a validated snow pack simulation model (Watson et al. 2009 ) to construct a covariate that represented the average SWE on the nearby Blacktail Deer Plateau area of the pronghorn range for each 14-day period through the year (see map in White et al. [2007b] ).
We constructed a covariate that indexed vegetation greenness using 14-day averaged normalized difference vegetation index (NDVI) values (Bartlette et al. 2006 ) for grassland and meadow areas used by pronghorn across their range. NDVI is a remotely sensed measure of vegetation that is derived from daily satellite imagery (near infrared and visible red reflectance values) and varies linearly with the fraction of photosynthetically active radiation (Huete et al. 2002; Pettorelli et al. 2005 ). We constructed a covariate, HABITAT, by classifying each pronghorn group location into 1 of 3 vegetation cover types (grassland, shrub, or forest) based on the potential for vegetation to provide hiding cover or obscure visibility.
We considered the influence of additional covariates on pronghorn grouping tendencies using time of year and estimates of pronghorn and wolf numbers. We developed the categorical covariate, PERIOD, which categorized 3 biologically relevant time periods: fawning (1 May-30 June; including neonatal rearing and lactation), summer (1 July-30 September; characterized by high food resources, natal rearing, and the rut), and winter (1 October-30 April; characterized by low food resources and pregnancy). For the analyses of typical group size, we could not use this covariate because the 14-day interval often encompassed more than 1 time period. Therefore, we defined SEASON as a continuous variable from 1 to 26 representing the 14-day intervals through each year. We used analysis of variance (ANOVA) and Tukey's multiple comparisons with unequal sample size (Kutner et al. 2005) to evaluate the change in pronghorn group size, variability, and composition, and to identify differences in the means among fawning, summer, and winter periods.
We defined DENSITY as the number of pronghorn per unit area on the winter range (30 km 2 ), migratory summer range (244 km 2 ), and resident summer range (57 km 2 - White et al. 2007b) . Airplane counts were conducted in late March or early April before pronghorn migrated. We multiplied each count (corrected for an 89% sightability- White et al. 2007a ) by the proportion of radiocollared females migrating that year (range ¼ 0.68-0.81; n ¼ 12-28 collars- White et al. 2007b ) to estimate the density of migratory pronghorn on their summer range. The proportions of the population estimated as migratory during aerial composition flights in July-September were similar (0.65-0.69) to the proportions of radiocollared animals migrating during 2003 (White et al. 2007b . For typical group size analyses that summed groups over 14-day intervals, we estimated the density of pronghorn on the winter (30 km 2 ) and summer (301 km 2 ) ranges. Wolf numbers were estimated annually in December based on repeated counts of packs, the majority of which contained radiocollared animals (Smith 2005) . We used wolf numbers (PREDATION) as an index for overall predation risk because precise estimates for other predators (e.g., coyotes and bears) were unavailable. We used mixed-effects linear models (Pinheiro and Bates 2000) to evaluate competing hypotheses in the form of a priori models for assessing group size and group size variation, which treated the covariates as fixed effects. We treated individual animal identity (ID) as a random effect (i.e., intercept-only) because these data sets included repeated observations of the same individuals through time. By including a random effect associated with an individual, we accounted for any tendencies by individuals to repeatedly associate with similar-sized groups. This covariate allowed us to partition the variation in group size between individuals (intercept;r 2 B ) and within an individual (residual;r 2 W ), and to determine how much of the variation in group size was accounted for by the fixed and random effects. We randomly selected the marked pronghorn to associate with a particular group when more than 1 radiocollared pronghorn was observed in a group. We used multiple regression analyses (not mixed-effects linear models) to evaluate competing a priori models for assessing typical group size because this data set did not include repeatedmeasures sampling. For both the ANOVA and mixed-effects linear models, we transformed the group size response variables using the natural log to conform to linear model assumptions and used diagnostic residual plots to assess whether the assumptions of normality and constant variance had been met. We analyzed the group size variation and typical group size response variables using both the logged and untransformed data sets. Similar results were obtained, so for ease of interpretation, we chose to use the untransformed data set for all analyses of group size variation and typical group size.
Combinations of the covariates were included in the additive form or as an interaction for all analyses. We predicted a fixed rate of change in the response variable per unit change in the predictor variable (i.e., linear form). We centered and scaled all continuous covariates to facilitate comparisons and interpretations of covariate coefficients. Variance inflation factors (VIFs), which measure multicollinearity among covariates, were calculated for all additive and interactive combinations of predictors. Those models that included predictor combinations with VIF , 6 were retained in the model list (Kutner et al. 2005) . Correlation coefficients also were calculated to further check for multicollinearity between the predictor variables, with correlation coefficients , 0.6 and . À0.6 retained in the model list.
For the analyses of mean group size and group size variation, we constructed a suite of 38 models that included the covariates PERIOD, HABITAT, DENSITY, NDVI, SWE, and PREDATION (Appendix I). For analyses of the typical group size, we constructed a suite of 28 models, substituting the covariate PERIOD with SEASON (Appendix I). We also included a NULL model into each of the 3 model suites that hypothesized constant grouping behavior for the respective response variables. Because of strong correlation between some covariates, we did not include combinations of SEASON þ SWE (À0.63), DENSITY þ PERIOD (0.93), NDVI þ PERIOD (À0.76), NDVI þ DENSITY (À0.85), or SWE þ NDVI (À0.71) in the same models.
We used Akaike's information criterion (AIC) to rank models given the data and compare the relative ability of each model to explain variation in the data Anderson 2002, 2004) . We used AIC corrected for small sample size (AIC c ) for analyses of typical group size because this response variable was derived from the sum of an assemblage of groups over a determined time period and, therefore, was a smaller data set than the one used to analyze mean group size and group size variation. Akaike's model weights (w i s) were used to address model selection uncertainty when no clear support for a single model was found (Burnham and Anderson 2002) . Predictor weights were used to assess the relative importance of an individual covariate within a model (Burnham and Anderson 2001) . Predictor weights were quantified by summing the Akaike weights for all models containing a given covariate. We computed the predictor weights for each covariate considered in the model suite. The covariate with the largest predictor weight was considered the most important, whereas the covariate with the smallest sum was considered least important. This procedure allowed us to make inferences concerning the relative importance of individual covariates, in addition to the relative importance of the model within which the covariates were contained (Burnham and Anderson 2001) . We also used evidence ratios, the ratio of Akaike's weights w i / w j , calculated as (L(g i jx)/L(g j jx)), to determine the relative likelihood of model pairs given the data Anderson 2002, 2004) . Covariate coefficients and variance of the random effects were estimated using restricted maximum likelihood. Comparable AIC values were calculated using maximum-likelihood estimation (Loison et al. 2004; Pinheiro and Bates 2000) . All statistical analyses were performed using the R environment for statistical computing and the nlme package ( 
RESULTS
We collected a total of 2,846 group sizes by sampling 53 adult, female, radio-marked pronghorn during June 1999-May 2005. Mean group sizes were relatively small (X ¼ 4.8, variance [s 2 ] ¼ 12.6; 95% confidence interval [95% CI] ¼ 4.5-5.2) during fawning in May and June, but larger (X ¼ 10.2, s 2 ¼ 54.3; 95% CI ¼ 9.4-10.9) in the summer during JulySeptember, and through the winter during October-April (X ¼ 11.9, s 2 ¼ 107.2; 95% CI ¼ 11.5-12.4). Transformed group sizes differed between the 3 seasonal periods (ANOVA: F 2,2,843 ¼ 211.4, P , 0.0001), with the largest differences occurring between fawning and summer (D ln(summer)Àln(fawning) ¼ 0.75; 95% CI ¼ 0.62-0.89; P , 0.001) and fawning and winter (D ln(winter)Àln(fawning) ¼ 0.87; 95% CI ¼ 0.77-0.97; P , 0.001).D defines the difference in transformed mean group size between 2 seasonal periods, based on Tukey's multiple comparison tests. Group sizes differed only slightly between summer and winter (D ln(winter)Àln(summer) ¼ 0.12; 95% CI ¼ 0.01-0.23; P ¼ 0.02). An advantage of log transformations is that the results can be interpreted on the original scale of the variable (Ramsey and Schafer 2002) . By taking the exponent of the difference in the mean log between 2 time periods, we can obtain a multiplicative value for the change in the median between the time periods. Consequently, the median group size during winter was 2.4 times larger than during fawning (95% CI ¼ 2.2-2.7) and 1.1 times larger than during summer (95% CI ¼ 1.0-1.3). The median group size during summer was 2.1 times greater than during fawning (95% CI ¼ 1.9-2.4). These observed changes in mean group size between the temporal periods on the untransformed scale represented a 112% increase in mean pronghorn group size from fawning to summer, a 148% increase in mean group size from fawning to winter, and a 17% increase in mean group size from summer to winter.
There were also observable differences in the stability of pronghorn groups through the year (ANOVA: F 2,2,843 ¼ 12.76, P , 0.0001). Variation in mean group size was relatively small during the fawning period (mean absolute difference, which is the absolute difference between a given group size and the mean group size for that particular year ¼ 5.5; 95% CI ¼ 5.2-5.8; n ¼ 452) and summer (mean absolute difference ¼ 5.8; 95% CI ¼ 5.4-6.3; n ¼ 367). There was more instability in grouping behavior during winter (mean absolute difference ¼ 7.1; 95% CI ¼ 6.7-7.3; n ¼ 2,027).
Typical group size was substantially larger than mean group size, which is always the case when the variance of mean group size is larger than zero (Heard 1992) . Typical group size ranged from 4.7 to 42.0 (X ¼ 15.8, n ¼ one hundred twenty-four 14-day sampling intervals), with a mean typical group size of 7.2 (95% CI ¼ 6.6-7.8; n ¼ 25) during fawning, 14.7 (95% CI ¼ 13.0-16.5; n ¼ 31) during summer, and 19.5 (95% CI ¼ 17.7-21.4; n ¼ 68) during winter (ANOVA: F 2,2,843 ¼ 211.4, P , 0.0001). Typical group size differed among the 3 biological time periods:D ln(summer)Àln(fawning) ¼ 7.52, 95% CI ¼ 3.4-11.57, P , 0.001;D ln(winter)Àln(fawning) ¼ 12.34, 95% CI ¼ 8.82-15.86, P , 0.001; andD ln(winter)Àln(summer) ¼ 4.81, 95% CI ¼ 1.55-8.08, P , 0.001.D defines the difference in mean typical group size between 2 seasonal periods, based on Tukey's multiple comparison tests. This represented a 106% increase in mean typical group size from fawning to summer, 181% increase from fawning to winter, and 36% increase from summer to winter.
Radiocollared individuals switched groups frequently and mixed with other animals during both summer and winter. The numbers of animals in groups with collared females often changed substantially between locations . 5 days apart and ranged between 1 and 87 individuals. Correlations between successive locations were largely ,0.40 and not statistically significant (winter:X ¼ 0.24 6 0.06 SE; summer:X ¼ 0.26 6 0.03). Mixed groups of females and males were observed during all seasons, but males comprised a relatively low percentage of groups during May and June (X ¼ 8.9%, s 2 ¼ 1.9%) and July-September (X ¼ 10.6%, s 2 ¼ 1.9%; Fig. 1 ). Males comprised a higher percentage of groups during October-March (X ¼ 21.1%, s 2 ¼ 3.2%; ANOVA: F 2,2,843 ¼ 142.1, P , 0.0001).
Model selection results for the group size analysis supported one model that received 0.88 of the model weight and contained the covariates PERIOD and PREDATION, and the interaction between PERIOD and PREDATION (PERIOD 3 PREDATION; Table 1 ). The evidence ratio for the top model versus the 2nd-ranked model (w i ¼ 0.04) was 22, which suggests strong support for the top model and low model selection uncertainty. PERIOD (1.0) and PREDATION (0.97) received almost all of the predictor weight, whereas DENSITY, SWE, HABITAT, and NDVI accounted for an insignificant amount of the predictor weight. PERIOD was the most influential predictor of mean group size for pronghorn, with groups being smaller during fawning compared to the slightly larger groups in summer and winter. Removal of this predictor resulted in the DAIC value increasing by .100. Although PREDATION appeared in the highest ranked model that received most (0.88) of the model weight, the confidence limits spanned zero for both the fawning and the summer periods (Table 2) . Thus, we did not find substantial support for our prediction that group sizes would be larger as the presence of predators increased during these 2 periods of the year. However, there was some evidence that predation may negatively affect pronghorn group sizes in the winter (Table  2) . Results of the random effects from the mixed modeling indicated that within-animal variability (r 2 W ¼ 0.64) was substantially higher than between-animal variability (r 2 B ¼ 0.023).
Model selection results for the group size variation analysis supported one model that received 0.74 of the model weight and contained the covariates DENSITY, SWE, and PREDA-TION (Table 1 ). The evidence ratio for the top model versus the 2nd-ranked model (w i ¼ 0.20) was 4.4, suggesting strong support for the top model and low model selection uncertainty. Overall, models that contained the covariates DENSITY and SWE accounted for nearly all of the model weight, whereas models that included the covariates HABITAT, PERIOD, and NDVI were not well supported and accounted for an insignificant amount of the predictor weight ( Table 2) . As predicted, pronghorn density had a positive effect on group size variation, whereas increasing SWE reduced group size variation. Contrary to our predictions, PREDATION was negatively correlated to group size variation indicating that as predators on the landscape increased, grouping became more stable ( Table 2) . Results of the random effects from the mixed modeling indicated that the between animal variability was relatively low, suggesting no animals had a specific tendency to change groups more frequently than others (r Model selection results for the typical group size analysis supported 3 top models that were within 2 DAIC of one another and, in combination, received 0.91 of the model weight (Table 1) . Each of these models contained the covariates DENSITY and SWE, which accounted for 0.99 and 0.90 of the predictor weights, respectively ( Table 2) . As predicted, typical group size was positively correlated with pronghorn density, whereas there was a negative relationship between typical group size and SWE (Table 2 ). An interaction between DENSITY and SWE appeared in one of the top-ranked models, but confidence intervals spanned zero. Similarly PREDATION appeared in one of the top-ranked models, but it only accounted for 0.19 of the predictor weight and also had confidence intervals that spanned zero.
DISCUSSION
This study was unique in attempting to identify predictors associated with the grouping tendencies of pronghorn using multivariate statistical and model selection methods. Radiocollared females switched groups frequently and mean group size was strongly influenced by reproductive and social factors because groups were smaller during parturition and the neonatal rearing period. Pronghorn density, snow pack, and predator numbers apparently influenced group sizes and cohesion, whereas habitat type and vegetation greenness were not good predictors of group sizes or group stability. Group cohesion increased as snow pack at higher elevations and predator numbers increased and constrained pronghorn to a smaller area on the winter range. Conversely, groups exhibited fracturing and rejoining at a greater intensity as pronghorn density increased.
Yellowstone pronghorn were in significantly smaller groups during May and June when females dispersed to isolated sites to give birth and hide their newborn fawns and males became solitary or formed small bachelor groups. Fawns joined their mothers in nursery groups after they were 3-6 weeks old and capable of rapid, sustained running. Group sizes increased during July-August when mature males began defending groups of females (harems) from other males as the rut approached. Pronghorn formed larger, mixed-sex groups during November-March when all pronghorn congregated on the winter range. Similar seasonal changes in grouping tendencies were reported for pronghorn at the nearby National Bison Range in western Montana, where males remained separate from females (,10% mixed-sex groups), and groups were relatively small (X 5) during the entire spring and summer (April-September-Byers 1997) .
Surprisingly, mean group sizes were not much larger in winter than in summer, even though migratory pronghorn that used different areas and did not interact during summer aggregated and mixed on a 30-km 2 range during winter. This finding likely reflects the fact that about one-third of the groups we observed with radiocollared females through the year had fewer than 5 animals, which would decrease mean group size. In contrast, typical group size, which is the size of the group in which the average animal finds itself, increased from fawning through summer and was highest during winter. Thus, the typical group size metric, which is less sensitive to the number of records of small groups found in this study, was likely a better metric for evaluating and describing seasonal trends in grouping through the year.
Larger aggregations of pronghorn during summer and winter were coupled with decreased group cohesion. During these periods, pronghorn aggregated and dispersed more frequently than during the fawning period. This can be explained by higher densities of animals during summer and winter compared to during fawning, and might also be influenced by mating behavior and the constant fracturing and rejoining of groups as males repeatedly attempted to keep groups of females together. Larger aggregations of pronghorn in winter also showed dynamic grouping behavior, but these dynamics were dampened as winter severity increased. This finding has been reported for other ungulates, including elk that inhabit the deep-snow conditions of central Yellowstone, where the depth and density of the local snow inhibited movement among foraging patches (Gower et al. 2009a) . Larger aggregations are likely a result of pronghorn congregating in areas with reduced snow accumulations and available food resources. Using microhabitats that have shallow or no snow and provide protection from the wind is typical for animals trying to conserve energy in a harsh winter environment (Moen 1973) .
Contrary to our expectations, a slight decrease in mean group size was observed as the number of predators increased on the landscape. This particular behavioral response did not appear to be universally adopted throughout the year, and it is unclear if the decrease was biologically significant. The possible reduction in group size in relation to predators appeared to be a response employed only during winter, which could suggest that grouping behavior in pronghorn might have different drivers in different seasons. Incongruent with other studies that have documented reduced stability in group dynamics with increased predators on the landscape (e.g., Gower et al. 2009a ), pronghorn exhibited a slight increase in group stability, with less group size variation as the number of predators on the landscape increased. One potential benefit of dynamic grouping behavior is that prey animals can balance the conflicting demands of minimizing predation risk and maximizing food acquisition (Gower et al. 2009a ). In the case of pronghorn, specialized physiological and cursorial abilities that make them successful at escaping predators via fleeing might be a more beneficial approach than grouping (Byers 1997 ). Fleeing might not be an effective strategy for some ungulate species, such as elk, that reside at higher elevations with deeper snow, or for individuals that reside in heterogeneous landscapes where landscape features present obstacles that would hinder escape. However, there is little snow on the lower elevations of the Gardiner Basin winter range and the habitat consists of large expanses of sagebrush-scrub and grassland that rarely inhibits a pronghorn's ability to flee from predators. In addition to mitigating predation risk by adopting an antipredator behavior of grouping, elk in Yellowstone also changed their movement patterns (Gower et al. 2009b) . Similarly, trade-offs between predation risk and foraging differed between migrant strategies for elk (Hebblewhite and Merrill 2007) . Thus, it appears that different antipredator responses are adopted to take advantage of, or accommodate, environmental, behavioral, or physiological capabilities, or a combination of these. Therefore, we cannot expect that different prey species would universally adopt the same behavioral response. Another explanation for the lack of observable changes in grouping tendencies in response to predators could be that our annual index of predation was too coarse a metric for evaluating short-duration grouping tendencies of prey. Costly antipredator behaviors may be adopted during bouts of elevated predation threat, but relaxed when the imminent threat of predation subsides (Gower et al. 2009a; White and Berger 2001; Wolff and Van Horn 2003) . Therefore, if pronghorn were changing their grouping behavior at a short timescale, we might have missed these fine-scale behavioral responses. For example, pronghorn might not be selecting for smaller groups as an antipredator strategy, but smaller groups could be a consequence of groups fracturing after repeated encounters with predators such as coyotes and wolves. Often there is extreme spatial and temporal variation in predator presence, so this increased intensity of fracturing and rejoining of individuals as a consequence of predators roaming the landscape is similar to the responses of ungulates in some areas to relatively intense human hunting pressure (Gude et al. 2006; Jędrzejewski et al. 2006) . Additionally, we used wolf presence as a metric of predation. This metric might not adequately reflect predation threat on the landscape, and a metric that describes the risk of predation by coyotes might provide additional insights at certain times of the year, such as during fawning.
Group sizes changed substantially among successive locations of Yellowstone pronghorn, suggesting that females were mixing and switching associations with other animals frequently rather than staying with the same group. During winter, radiocollared female pronghorn that were year-round residents of Gardiner Basin were frequently located in groups with pronghorn that migrated to higher elevations in summer. Similar fluidity in associations has been reported in several other pronghorn populations (Folker 1956; Gregg 1955; Kitchen 1974; Swanger 1977 ) and related to changes in density and rates of agonistic interactions and the lack of matrilineal social bonds (Byers 1997; Fichter 1972) . These findings suggest that radiocollared female pronghorn in Yellowstone become well mixed and move freely within the population. Thus, it appears reasonable to use population estimation methods (e.g., Petersen mark-recapture) that assume marked animals are randomly distributed in the population. The fact that visibility bias causes an observer to see a higher proportion of larger groups does not necessarily bias estimates if marked animals are randomly distributed in the population (Eberhardt et al. 1998) .
Grouping tendencies of Yellowstone pronghorn appear to be strongly influenced by environmental, reproductive, and social factors. Thus, biologists should consider the effects of grouping behavior when planning the timing and location of conservation actions to control disease, protect or restore key habitat, regulate harvests, or limit adverse effects of development and recreation on pronghorn. For example, Yellowstone pronghorn tend to avoid areas with deep snow and aggregate during winter on lower elevations of Gardiner Basin. Unfortunately, this winter range has degraded over decades due to decreased sagebrush and because migration routes to historic wintering habitat outside the park have been fragmented by development, fencing, and other land-use practices (Boccadori et al. 2008; White et al. 2007b ). Thus, the National Park Service has initiated restoration to reestablish native vegetation and provide more habitats for larger groups of pronghorn. Also, the State of Montana eliminated harvest of pronghorn in the area adjacent to the northern boundary of the park, which allows pronghorn to feed in and migrate through this area with fewer disturbances to groups. In addition, park personnel worked with the United States Forest Service, State of Montana, private landowners, and the National Parks Conservation Association to improve connectivity between the park and historic winter ranges to the north. Similar problems and remedial actions are facing managers of migratory ungulates worldwide.
